4
ECAL-1 mutants (Fig.1C and 1E ). Then, to validate the functional phenotype by ECAL-1 knockdown, we adopted the full 1 0 2 length of ECAL-1 and the coding sequence of micropeptide. Replenishment of ECAL-1 capped 1 0 3 mRNA, rather than the coding sequence of micropeptide, decreased the hemorrhage rate in 1 0 4
ECAL-1 morphants ( Fig.1F and 1G) , supporting the role of ECAL-1 in cerebrovascular cerebral vessels in ECAL-1 morphants (Fig.1H ), highlighting the importance of ECAL-1 in the 1 0 7 development of cerebrovascular network. Collectively, ECAL-1 is responsible for cerebrovascular integrity to maintain homeostasis 1 0 9 during development. To further define the vascular abnormalities associated with cerebrovascular homeostasis, we 1 1 2 traced the dynamic changes of cerebrovascular network using the transgenic zebrafish , 2011; Vanhollebeke et al., 2015) . Notably, we observed that hemorrhage occurred from 36 1 1 5 hpf (Data not shown), and most hemorrhage events occurred from 48 hpf to 60 hpf and appeared 1 1 6 more severe from 60 hpf to 72 hpf ( Fig.2A) . The occurrence of intracranial hemorrhage was 1 1 7 coincident with the time window of cerebrovascular network formation, further underscoring the 1 1 8
indispensability for ECAL-1 in cerebrovascular development. In ECAL-1 morphants and mutants, both the number of CtAs (Fig.S2A, S2B , S2D and S2E) 1 2 0 and the penetration depth of CtAs into the hindbrain matter ( Fig.S2A, S2C , S2D and S2F) were 1 3 8
We further asked whether ECAL-1 modulated the biology of endothelial cells. During this 1 3 9
process, migration and proliferation are the main behaviors of vascular endothelial cells.
Through measuring the depth of CtAs penetrated into brain matter, we found that ECAL-1 1 4 1 deficiency didn't affect the migration of ECs ( Fig.S2A and S2C ). However, the ECs numbers in 1 4 2
CtAs was decreased in the Tg(Fli1:negfp,Kdrl:mcherry) embryos with ECAL-1 deficiency 1 4 3 ( Fig.4A and 4B ), and those in PHBC was comparable with sibling controls (Fig.4A and 4C ). To 1 4 4 define the potential role of pericytes in cerebrovascular abnormalities by ECAL-1 deficiency, we 1 4 5 detected the expression of Pdgfrb, a pericyte marker. As shown in Fig.4D and 4E, the pericyte 1 4 6 coverage of hindbrain CtAs remained unaffected in ECAL-1 morphants, precluding the 1 4 7 contribution of pericytes. Ultra-structure analysis of ECs showed that intercellular junctions were Confocal imaging was performed as previously described (Chen et al., 2016; Zou et al., 2011) .
The embryos were anesthetized in 0.04% Tricaine (Sigma-Aldrich, MO) medium, then were 3 3 4 mounted in low melting point Agarose (Sigma-Aldrich, MO). We scanned the interested area 3 3 5 with 1.5 μ m step size and the format was 1,024x1,024 pixel at 400 Hz. All the confocal images 3 3 6
were lateral views, dorsal was up, and anterior to the left unless specifically noted. Both CtAs 3 3 7 sprouting in hindbrain and abnormal CtAs were scored in the confocal images. Angiography was performed as previously described (Schmitt et al., 2012) were used to identify potential binding sites of miR-23a in ECAL-1 and Cldn5b 3'UTR, All the results were generated from at least three independent experiments, and data were 3 5 6
presented as means ± SEM. Statistical analysis was performed using GraphPad. Analysis of 3 5 7 differences between two groups was conducted the unpaired Student's two-tailed t-test. When 3 5 8 more than two groups, statistical differences were performed one-way ANOVA with Tukey's 3 5 9
post-hoc test. Differences were considered significant when P < 0.05. Probability values are 3 6 0 indicated by * (P < 0.05), ** (P < 0.01), or *** (P < 0.001). No competing interests declared. All relevant data are within the paper and its Supporting Information files 3 7 8
3 7 9 , 
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